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0 Loading and controlled roloaae of omphlphatle ntoleouloa to and from 



0 The preaeni invention relates to an improved tr anam e mb r an e loading procedure for effioent loading of 
amphtphadc dnjga into Ipoeornee using the transmembrane gradtont of ammonium and Cff pH. The resulting 
liposomes loeded with the drug are stable and sato. The procedure ia equaOy ap p ica bie lor sustained release of 
Bpoiome encapsulated druga. The Bp o so me s may be ueed in ulirasound imaging to rsisais CO3. 
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LOAdINQ AND CONTHOLLCD RELEASE OF AMPHIPHATIC M0UCULE8 TO AND mOU UP0S0ME8 



The prosem invention relates to a transmembrane loading procedure for loading of amphiphatic drugs 
and chemicats into yposomes using the transmembnne gradient The procedure is equally applicable for 
sustained release of liposome encapsulated drugs. 

Currently, both conventional or n o n ph ospholipid Rpoeomea are rapidly becoming accepted as phar« 
a maceutical agents which improve the therapeutic activity of a wide variety of compounds and provide a 
convenient drug delivery system. Upoeome drug delivery systems are reviewed in detail in Cancer Res.. 
43:4730 (1983). Pharmacol. Rev., 36:277-33e (1984), Uposonrws as Drug Carriers . Gregohadis. 

Wiley. New Yoric (i9te). '■ ' 

Uposomes are suitable delivery vehicles for parenteral, peroral, topical and inhalation administration of 

to drugs. Uposomes may improve fonnulabillty. provide prolonged reiease, improve the therapeutic ratio, 
prolong the therapeutic activfty after each admirastrabon and reduce the need for Sequent administration, 
reduce the amount of drug needed and/or abeorbed by the mucoaal or other tieaue. 

Ljoading of the drugs into Hpoeomes has proved to be a measure of their utlBty. If there is a poor 
loading, there is a great loss of the active drug and the use of Rposomes as the pharmaceuticat vehicle 

ts becomes uneconomical. In recem years considerable effort has been dedicated to developm 

for various methods of loading of drugs and biological materials into l i p o so mes. Pharmacol. Rev.. 36: 277- 
336 (1984). Uposomes as Drug Carriers . Qregoriadis. G. ed. W»ey. New York. ' 

So far. several methods have been developed for ipoapme drug loading. The simpleet method of drug 
loading is a passive entrapment of water soluble dnig m the dry Rpid film by hydration of Ipid components. 

90 The loeding efficiency of this method is generally low because it depends on the entrapping volume of the 
Mposomes and on the amount of Rpids used to prspare them. Chem. Phys. Lipids. 40:333-345 (1986). and 
Methods in Biochemical Analysis. 33:337 (1988). OisadvantagMoT thia method are the low entrapment 
heterogeriSxis size and the need for secondary processing steps such as extrusion or sonication. Improved 
passive entrapment of a drug Into Kpoeomes has been achieved by using dehydration-rehydration method 

« were perfonned fposomes are added to an aqueous sokitton of the drug and me mixture la dehydrated 
either by lyophiHaation, evaporation, or by Ireeae-thaw p fo cesai n g method invoMng repeatiad freezing and 
thawing of multilamelar vesicles which improves the hydrelion and hence increases a loading. Disadvan- 
tages of these methods are heterogeneous size, tffficun standardization and low reprodutibiH^^ 

Higher efficiency of drug en bsp men i into I posomes may be achieved by using high Ipid concentration 

so or by specific combination of ipid components. For example, an amphiphatic amine doxorubicin may be 
en c a psulat ed mors efficiently into Iposome me m brane s co r<a in in g negative charge. Cancer Res.. 42: 4734> 
4739 (1982). However, in general the drug loading remains a problematic iaaue. 

The erfficiency of dirug loading into Iposomes depends aleo on chemical properties of the drug. In 
general, water soluble or Ipid soluble drugs are easier to deal with since the Ipid soluble compounds easily 

31 incorpor at e into the Ipid bUayer during the Iposome tormabon and the water aoluble compounds interact 
with the polar heed group of phosphofipids facing Inside of ipoeome and are therelore sequestered inside 
the Ipoeomes. Amphiphatic compounda. on the other hand, are the most dMIcult to fvtain inside the 
Ipoeomee as tfiey can rapidly permeate through and do not t)ind to Ipid bttayera. 

One proposed metfiod of toedtng* amphiphallc moiecuies into Ipoeomea. deacrftied in Chem. Phys. 

40 Lipids. 40'.333>345 (1988). is drug loadinQ in reeponse to 9ie ion pH pradtont by ^ accumuigon oTSe 
sniphiphatic drug into Ipoeomes wtien their intamel pH is lower tfian tfw external medium pH. 
?U;0S>O>f^ PCT/US 87/01401. Med June 18. 1988 describes asymmetrical Ipoeome vesicles containing ionizable 
Ipids or ionizable proteffts made in sn aqueous environment of conMled pH, then ei^oeed to a bathing 
medhvn of a relatively more addte or relatively more basic pH. 

m toedbtg of amphiphatic drugs into the Iposomes. deecribed In the J. Bid. Chem.. 280J02-808 (1988). 
ttfaea the trm sm embrme N6*/K* gradienta. Improved badteig of iocallnSie9ccSue^ was observed 
only when bom sodium snd potaasium lone were ueid and iip to about 82% loading was achieved when the 
sodium/potaasium gradient was mKLIil eombinatl^ Vataomydn is known insecticide, 

nematocide and bactericide as we0 asjgnsfitKEe and is tTMlnot deeirable additive to pharmaceutical 

so tonnulatibns. The method ol passive entrapment of the antineoplastic drugs into the Iposomal vesicles, 
described in Biochim. Biophys. Acta. 818:294-302 (1988) uses the uptake of the drugs into the vesacies in 
response to a valinomyan-depende n t K* dHhieion potsntlal. 

Another method of loading of ampMphatIc drug a dr ia my dn Into Ipoaomal vesicles, described in 
Biochim. Biophys. Ada . 887:123-128 (1988). ia m uptake of the drug into the Ipoeomes in response to the 
pH gradient This method would seem id be a reasonably efAdent for loadtotg if not lor the fact that it is 
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pedormed in unphysiologicaily adac pH and in the prMence of M strong base KOH. both of which causa 
the lipid hydrolysis. Also, the obtained liposome-drug veaicles are unstable and around 24 hours suffer from 
• substantial leakage of the drug. 

PCT/US85/01501 filed on August 7. 1885. describes encapsulation of antineoplastic agents into 
• s Uposomes by passive foading. via transmembrane potential, of Upophilic ionizable antineoplastic drugs 
which can exist in a charged state when dissolved in an aqueous medium. The proton gradient is 
established by first trapping (passively) a low pH buffer and then raiaing the external pH by adding the 
base. The transn>embrane potential is achieved by sodium/potassium chemical gradient in the presence of 
valinom yctn. The loading is temperature dependent and the best results are achieved at the temperature of 
TO iS^, 

A high encapsulation of method for loading water soluble drugs in liposomes has recently been 
described in U.S. Patem 4.752.425. However, the disadvantage of this method is that it is based on passive 
entrapment at high lipid co n cen tr ati on. 

Key disadvantages of all these methods are a prolonged expoaure of the liposomal lipids to a low pH 
rs environment leading to Hpid hydrolyaia which causes the drug leakage from iposomes. high fipid concentra- 
tion, the long period of time and elevated temperatures required for loading, and at^ 

The current invention provides simple, fast stable, economical, safe, and efficient system for liposome 
drug loading and controlled sustained time release by creating of an anvnontum (NH«*) gradient between 
two sides of a Bposome vesicle membrane. The system ia not method dependent i.e. all methods of 
so Nposome preparation and all types of Iposomes may be used in practicing this invention. The system is 
also useful fbr ultrasound imaging by using ammonium gradient in liposomes as a aource of hyper- 
echogenic COi which enhances uitnuound iinaging. 

One aspect of this invention la a simple, saf^. fast stable, efficient and eoohomical ammonium 
transmembrane gradient system for loading of amphiphabc drugs into liposomes and for their controlled 
as sustained tinr>e-releaae. 

Other aspect of thia invention ia the system wherein the loading of the amphiphatic dnig into Gposomes 
is dependent on NH«* and pH gradients between the internal and external aqueous phases of the liposome 
veaiclea. which gradients m created by fomning ipoaomea in ammonium aolution. by aubaequem 
wnmonium removal from or dilution in the extemal aqueous phase of the Iposomes which eroiates sn 
so outflow of neutral ammonia, according to created ammonium gradient from inlamal to extemal aqueous 
phase, thus creating reverse, from outside to inside. pH gratfent by accumutatipn of protona left behind by 
ammonia in the ^itemal aqueous phase. An influx of deprolonated amphlphatfc drug to Ipoeomes according 
to pH gradiem ia replacing departed ammonium. 

StUI another aspect of this inviMlon is' the uttlaation of ammonium gradtont in Ipoeomes to generate 
as COa for uiraound imaging. 



DETAILED DESCRIPTION Of THE INVENTION 



oner yaaciipoon or mawuiyi 

Figure t deacribes an e»u ap >T>en t of the dn^Q In ammonium suKats conta ining Ipo so me s . 
4S Figure 2 illustrates the effect of dtetrttution of armnonium sulfate b e tween the intamai and extemal 

aqueous phaaes of the Ipoeomes on the pH gradient 

FiC^ 3 illuaMes the lonettcs of the drug loadbig into arnrrton^ 

Figure 4 IBusaataa the release of the drug flrom the ammonium sulfate Ipoaomea. 

Figure 9 iOuatratae a generation of COi gaa ueing ariwionium gradM in 1^^ 

80 

Detailed Deaciiption of ttte Preparationa 



The novel syetem for loading of amphiphatic drugs into Ipoeomes and the aubsequent controlled 
release of the drug from the ipoeomes is baaed on the fonnation of ammonium (NH* ) gradient between 
ss the intamai and external aqueoua phaae of Ipoaomea. The ammonium gradiem la fdrmed by removing 
ammonium from or by diluting ammonium in extemal aqueous phase according to deairad rate of loading or 
release of amphiphatic molecules. Such removal cauaes a higher cu i cetmatiu n of ammonium in internal 
phaae than in external phaae. Higher c on ce n trati on of ammonium m the aqueoue phaae maida the 
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liposomes causes diffusion of neutrai ammonia molaiculas NHa from tfia internal to the external medium. For 
every NHj nnolecule which leaves the fiposome, one proton is left behind. Thus, a pH QracSent is formed, in 
which the internal aqueous phase of the Qpoaomes is more addic than the external medium. The magnitude 
of this gradient is determined by the ratfo (NH4 *)ouV(NH« in^ 

9 The weak amphiphatic compound ought to be able to permeate normally nonpermeable membrane if 
the system can be created having a higher, more alkaMne pH outside than inaide of the Ipoeomes. Such 
system will naturally try to equilibrate. i.e. to achieve the same pH inaide as outside. Whether pr not such 
pH equilibration is possible or how fast it will happen, depends on the chemical properties of the membrane 
separating liposomes internal aqueous phaae from external aqueous phaae and on the. medium composi* 

10 tion. Liposomes, by virtue of their lipid bilayers, present an optimal membrane barrier naturally resisting 
such equitlbration. In by themselves, liposomes may be formed In an appropriate medium such as 
ammonium sulfate of:wtiieh a portion will become, in a eenee, encapsulated in Ipdsontes. thus fbnning the 
ammonium sulfate containing Bpos o mea having certain Inner pH. Thie pH win depend on the difference, 
between the amount of loaded ammonium sulfate inaide the Hpoaomee and between of ammonium sulfate 

IS outside of Bp o so me s . If the outside and inaide amounts are the aame, pH in both ia identical to the pH of 
ammonium sulfate aoMlon or 10 the pH of the buffer/ammonium aulfate If tm buffer is added to the 
ammonium sulfate. If however, the outside anrvnonium sulfate ia aubatltuted, tfluled, or exchanged, with 
differem salt the inaide of Mpoaomes react quickly by changing pH toward the addte 

m the Hpoeomea, ammonium aulfate win diasociate into aulfate anions and ammonium cationa which will 

ao further disaodate to neutral ammonia and proton (H*). Neutral ammonium which is freely permeable 
through the Bpoaomes membrane can be. In the practice of this invention, exchanged for another 
compound, such as any amphiphatic deprotonated dnjg. Such drug wiQ permeate into the Bposomes and 
the free proton remaining after departure of ammonia wiB attach to It In thte way tfie drug will become 
protonated and wiH not penneate out of the Bp osome s until the reverse pH gradient, situation occurs 

as whereby It wiO be diesociated in the Bpoaomee into the proton and the deprotonated drug which wifl be able 
to permeate out of the Bposomes* 

By creating ammonium gradtont from inside to outside of Bp o som ee by lowering the ammonium on ttte 
outside, the ineide ammonium win permeate to the outside to try to achieve the fra nsm e n ^ an e ammonium 
equiHbrium ^ wiU thus create, by removing anmonia and leaving behind a proton H^. a pH kiequiBbrium 

ao with pH lower inside of Bpoeonrtes. This wifl resuR in ioadbig of any available amphiphatic drug lor which the 
Bpoeome membrane is permeable and which may be deprotonaM. When a certain number of ammonium 
molecules win depart from the Bposomes, the same numi>er of amphiphatic drug moieculea. provided by 
the outside mlHeu. win enter the BposomM in exchange lor deponed ammonium. Therelore. any dnig in the 
deprotonated form, cepabie of permeating the Bpoeome membrane, and pr es e nt in the outside mlBeu. can 

as be efficiently loaded into Bp o so me s by this procedure, tn the Bposomes. the drug Is protonated and 
merefore trapped and cannot leak resuMng in accumulation of the weak amphiphates inside M 
The system of creating ammortium grartient. is Bhiefrated in Scherrte 1* 



40^ 




Ammonium hydronde iHusMed in the echeme can be eubetltuted with emmonkan suRate. carbonate, 
bicarbonate or any otfier ammonkim compound which will dtaaociate m ttie flpoaome ktto me neutral 
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•mmonium and proton accortfng to the schwne 1. M it th« amphiphatic mdMulo possessing a 
feactinQ site such as. tor exantple. a primafy amino group shown in the schen^e. 

In this way a substantial and measurable amount of weak amphaphatic drugs can be loaded into 
liposomes, the loading amount and speed can be manipulated and their release from the liposome can be 
agajn comroiied by the same system. The stability of the gradient is related to the lipid composition of the 
liposome and to the intactnoss of the fipid bilayer. The pH gradient formed can be used to control both the 
loading into and release of amphiphatic drugs from liposomes. This gradient serves as a protonmotive force 
for the loading of amphiphatic drug and in reverse as a fbrce for reieaae of the drug. 

This method represents an improvement against other simitar gradient loading methods in that it is 
simple sincsl it does not require any special chemicals or equipment fast sirtce it takes only short period of 
^ ^ ^^T^ liposome with the drug, it provkjes the drug loaded Hposomes which are stable for more 
than two weeks without need to use any dehydration or other method of presenratlon. it preserves the lipid 
against hydrolysis caused by the high pH or high temperatures. It la economical in that it uses only the 
cheapest and readily available chemcals and equipment safe in that is uses neutral ammonium sulfate 
gradient without need for any harsh acids or baeee and efHeient m that it aUows encapsulation into the 
fip^mea of aknost 100 % of the encapsulable dnig without eny loss due to ttie need fdr the free drug 



A system creating a pM gradient between the Inskte and outskto of Iposomes relies on the entrapment 
of ammonium compound such as hydroxide or salt such as sulfate, phosishate. carbonate, bicarbonate and 
such others in the liposome vesicles and on the exchange of the outer ammonium sulfate fdr a different salt 
having non-permeable anion. Any suitable salt such as nitnts. suitete. phosphate, carbonate, cyanate. 
acetate, benzoate. bromkle. bk»rbonate and such others, of eodium. poiaaskjm. calcium. Mhtum. bahum! 
magnesium, aluminum, nickel, copper, bromide, chloride, iodkje. fluoride and such others, but preferably 
sodium chloride or potassium chloride and all buffers such as phosphate. cvtMnate. bicvbonate or other 
buffers commonly known and used in the art can be used m ihia prodees. 

By effectively removing the outside ammonium by methods used and recognized m the art in particular 
by dilution, gel exdusion. dialysis, diaflltration. etc.. the inner ammonium gradient thus created leads to an 
knmediate release from Ipoeomes of a neutral ammonia and to aocumulatton of protons mskSe of 
Gposomes. whk:h result in the atidffieation of the aqueous phaae meide ttie Ipeeoimee. Neither the hydrogen 
nor the sulphate km left behind ki me Iposomes toaoiving the ammonium auifate dteociatlon leak readily 
when lipMa of high quality are uaed. Moreover. If the proper ex perknent al condHtons are met the 
ammonium gradient is stable fbr at least two weeks or longer. 

The method presents several advantages. Rrst the control of the ma^^tude of the gradient is achieved 
by dikition of the liposome suspenston in ammonkm sulfato wHh sokitions containing dmerent ratios of 
ammonium sulfate to certain buffers « salts such as eodium or potoasium chloride, evtonate. bicarbonate 
or phosphate buffers in sokittona containing f^ 0 J6 M to 0.0009SM mmoiyum sulffato. Thia point is 
Ukistratod in Figure i. By the degree of dikitton. one can achieve a pH gretfent m the range of 0 • 4 pH 
units. The effkix of NH| ions f^ the Iposome depends on the NH4* gradient The teger is the gradient 
the tower Is the pH. and the Castor is the efflux of NH, tons, the tostor is the influx of the motocuies to be 
loaded Into iposomes. By manipulating the ntto of ammonium suNato ip oeome s to salts, variations of a 
gradtont as smal as0.2$pHunitooraslargeasMpHunitoeanbe achieved, to altomathw. the systom 
can be maniputotod by using the iposonm in arnivwnium aulftoa aolutto^ 

in the range O^IM to 1M pmtorably 0M^19. to achtove a torger or smaltor mmon^ 
to a larger or amaBer pH oradtont 

The prooatee is i ndepende nt of the method of Ipoeome preparatton. Thus, the ipoeomes may be 
prepered as MLV. by sofvent iriiectton, toctodtog 8pid hydratton. reverse ev^wratton. freeze drying or by 
repestod freezing and thawing, and regardtoM whether the ipid fUm is tWn or tMcfc aNhough the thin fipid 
film is pretorred. The method wifl work equafly wei and Is equally appicabto tor small unitomellar vesictos 
<8UV). small ipoeomes prepared by aoniealton. by uaing a French preaaure cei, by passing MLV 
tfvough smai orMoe under high presswe. by solvem Infectton memode, wfto soli^ such as ethers or 
elcohois. Bimitarty. the method win work tor large unttamellar vestotos (LUV), stoble ptorilamellar vesictos 
(SPtV) or for oigotomeOar veatotos (OLV) whether prepered by detorgent removal uaing dtoiysis. column 
chromatography, bto-beads SM-l by reverse phase evaporatton (REV), or by Ibnnatton of lntom>ediate 
sized unilameltor vesictos by high pressure extoistona. Methoda to B tochemfcal Analysis. 33: 337 <1888). All 
these and other methods of Ipoeome preparatton. known to the"art m uaelulTrprMtoing this invention. 
These methods are deecrtoed to U.8. F8tonto 4.23S.87l: 4.241.048: 4JB»MM 4,737J23 4.752,425 
incorporated hereby by reference. 

The dnjgs whtoh couto be toaded to iposomes uatog tNs method are al weak amphiphatic eompounda. 
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with wMk basic or acidic moiatias and inctuda among othars, doxorufoictn. apirubictn, daunorubicin. 
carcinomycin. N-acatyladriaff>ycin. rubidazona. 5-imidodaunomycin. N^tyWaunomycina. all anthracylina 
drugs, daunorylina. propranolol, pamanwdina, dibucaina. ta^acaina. procaina. cWorpromazina. vinblastina. 
vincristina. mitomydh C. pik>carpina, physostigmina. naotttgmina. chloroquina. amotfaquina. chloroguantda. 
primaquina. niaftoquina, quinina. podinol, prodlpina, banztropina masylata, trthaxyphanidyl hydrochlorida, 
propranolol, timolol, pindolol, quinacnna. banadryl. promathazina. dopamina. sarotonin. apinaphhna. co- 
daina. maparidina, mathadona, morphina, atropina. dacyclomlna. mathixana. propanthaRna. imipramina. 
amitriptyUna. doxapin. daaipramina, quinidlna. propranolol, Idocaina. chlorpromazina. promathazina. par- 
phanazina. acridina oranga. proataglandina. fluorwcain, carboxyfluoraacain. and othar molaculas similar to 



Whila pH dapandant loading have baan daacribad pravioualy. ttm nov«l syatam of this invantlon 
providas savaraJ uniqua advantagas ovar othar mathoda. Tha abiRty to aastly control tha gradiant by simpla 
Itpoaoma dilution is a natural advantaga but noval faatura of Ihia typa of a dnig dalivary systam. Tha rata of 
loading is pradictabia and tha final drug concantration achlavad dapands on tha pK of tha loadad substanca 
and on its hydrophobicity as datannlnad from its IpidMratar partition coaffidant which can ba modifiad by 
chamicai modification of tha dnig. Tha drug loading piocadura ia quick, aasy. without damands fdr 
aophistlcatad inamjmantatlon and spacially chamicala or avan without dan^ 

Tha primary invantfva stap ovar tha othar aimttar pravloualy uaad aystama la cnutlng tha ammonium 
gradiant in such a way that iposon^ ara axpoaad a low pH for a vary ahort tima prior to 1^^ 
at thair intamal surfaca and tha loading and ralaasa can ba dona at 3r C. Thla is dua to tha fact that whan 
tha axtamal anvironmant of tha lipoaomas is changad. ammonia laaks out and tha pH of intamal aquaous 
phaaa lowara. whila tha pH of axtamal aquaous phaaa doaa not changa. During tha dnig loading, m 
pvticular as loading bagins, tha rapid antranca influx of tha drug raiaas tha pH partially and quickly, thus 
dacraaaing tha ypoaoma axpoaura to tew pH. TWa haa an important conaaquanca Idr tha stability of tha 
lipid vasicias. sinca tha axpoaura of p ho ap ho ip id a to tow acWto pHteratongtlmamaytoadtothair 

dagradatton. ^_ 
• AnotfMr important IMtura of lhi» invwiton ia ft* atabiMy e( fta ^waomal drug. By uaino Ms *y«<«n 
•m by daaigninQ a ipid compoailton of ipoaomM. fta atabilty o» tha Ipoaomai dnig conaidefaWy 
Impfovwl. TNa ia dua to fta loading and raJaaaa of drug at ar C. TWa la vary 
iDund ftat only vary low >M of Mtaga of fta drug eeeumd during atioH atoraga at 4% tor aavMl waalo. 
On th* oftar hand, at Mghar tampwatwM. around 9CK 9mm waa a aubatantlal loakaga of tha dnjg. The 
laakaga of ft* dnig irom Ipoaomaa ia aiao dapandant on fta Ipid eompoattlon of tha Ipoaomaa wift tha 
EPC/ctwiast*foi propvadon laaWng at a taaiar r«a than tor «(ampla fta OPPO th ola it a r o l vaaidaa. Tha 
rawlts ar* iUustratad m Tabia 4. Ttm rata of laakaga from Ipeaomoa can b* controOad by cheiea of tha 
phoaphoH p id ua*d and by ft* laval of cholaaiafOl. Hi •ompi*. addWon of DSPC «tiieh haa a Vanaition 
lamp*r«ur* at 56^. daeraaaM lha laakaga r«aaaa «m a broadar iwga of lamparamra. Adding OPPG. 
wWeh tenna apacifie eoinpla« wift amphlphate dniga f«u«a a«n In dM**nt f*aaa* ratafc 

Anoftar important advantaga Ouantad in TabI* 1 of tha ayatam of INa lnv*w» on ia an ab aty to kMd 
vary high mounta of a dnig inaida Ipeaema* without «kMton or pnMMnca of fta ionephoraa. Sinca tha. 
ayatam can a*lf<«« a pH gradtort of mora than 3 wita almoat Inatantanaooaly. a waak baaa «B^^ 

bat«*an fta outaida and inaida of ih* v*atol*a irift a r«to of « laaat 1 to 1000 b*cauaa fta paiWioning 
dapwKto ■n*arty on fta ouWda to hiaida NH.* ralk). TMa rado la dapandant on ft* concamratton of tha 

drug doing fta loadftg. aid on th* dnig'a aohibnty In aquaoua aokittona. By optimizing fta dnjg 
UJi i t a imiton ft ft* ftdamil madhjm and by praparing ammonium Ipoaomaa by mathoda with high 
ammonhim •neap.ulaton during ft* original to«Jta9 antn»>m*nt ft* to*dtag •flka^ 
100%. ft INa eaaa. tha dnig«pid ratto in ft* Ipoaom** wil ba loww than ft tha prwanc^^ 

Tha ipoaomo a uaaful In tha cunwit ayatom may ba lonnad twn • variaty of micla tormmg ipida, 
mchidftg dMphadc eh*i ipida. auch aa piiuaph o l lp M a . tfglycwidaa. dWNftaiic glycelpida. amgla Ipida 
auchaaiphingomylnwdglycoaphingolpid. uhu iai t arcl and dariwdw* ftar*of. alona or m eomfainalona 
and/br wift or wiftou Ipoaom* mambran* rtgidBylng agama. 

Aa daflnad harvft. -phoaphoipida- Induda phoaphatltfe «« (PA) and phoaphaiWyiglycarol (PQ . 
phoap ha ddylcholn* (PC). pho*pha«dyl*ftanol i mfta (Pg). pfiu ap h a M y l n oa itol (PI). phoaphatidyiaarinaJPg. 
piaamatogana. «id phoaphaddylcholn* Ipid d*riva««** aueh M dipatmitoylphoaphandylchoHna (OPPC). 
agg phoaphattdyleholna (EPQ. partially h ydrogan a tod ago ptwtph a adyl ch ol n a (PMEPq. dWaaryl- 
pheaphaldytoheRna (08PO. phoaphatldyiglycarol (PO). aueh oftar*. Ttaaa phe^ftolpWs may ba fully 
aatvatad or partMly hydroganaiad. Th*y may ba naturally occurring or aynthalic 

ttm tomt -giycelpid- aa uaad harain la intondad to ancompaaa Ipida having two Mty add chaina. ona 
of which la fta hydrocarbon ehdn of aphingoaina. and ona or mora augar r»aiduaa. Bcampla* of glycolpida 
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are suitable for practice of the present tnverttion include cerebrosides. gaiactocerebrosides, 
Qlucoicerebroeidea. sphingomyelins. GMi, sutfatides and sphingolipids with dl» and tri-sacchandes as their 
polar head groups. Le. di- and trMiexbsides. 

The term 'polyethylene oxides* as used herein means a member of potyethers of molecular weight 
5 between 500 and 20.000 made by polymerizing ethylene oxide. The primary represenutive ^is polyethylene 
glycol. These polyethylene oxides, preferably glycols are suitable to be combined with other upids. in 
particular with phosphotipids, to form so called PEG-tiposomes. The membranes of these liposomes have 
different properties from membranes of solely phospholipid fiposomes. The system- of this invention is in 
particular suitable for loading drugs into these liposomes. 

10 In the dialiphatic chain Dpids. such as phospholipids, which preferably make up the bulk of the vesicle* 
forming Upids. the aliphatic chains are preferably at least about 12 atoms in length, and optimally are 
between about 15 and 24 atoms long. The chains also partially or substantially saturated, by which is 
nneant that each chain contains at most one unsaturated bond. The saturated aliphatic chains produce better 
lipid packing in the liposomes and substantially extend the stability of the liposome formulations by 

rs eliminating Bptd oxidative/peroxidative fipid damage. This lack of oxidative damage is observed even in the 
absence of ipophilic free-radical quenchers, such aa a-tocopherol. butytated hydroxytoluene (BHT) or 
vitamin E, which, and any odier Hpid protsctive agents, may be optionally added in effective amounts. 
Similarly, wftere steroid-type lipids are in c luded in the Hposomes. theee are preferat^ saturated species, 
such as cholesterol and its analogues. 

ao The lipids used to form the i^osome compositions of the present invention may be either charged or 
neutral. Because it is desirable for e nh anced retention of the co mp os itio n that the overall Mposome surface 
be negatively charged, neutral or negatively charged lipkls are prefemsd. 

The EPC. OPPQ. OPPC. PHEPC and OSPC. preferably used in the current lormulationa consists of 
about equal amounts of saturated and unsaturated fatty adds of various chain lengths f^ Ci2 to C22 

29 preferably C16 to C20. To reduos Mpid oxidation, when ueed. predominately polyunsaturated fatty acids are 
hydrogenated to monounaaturated fttty acids. 

TTie Bposorne composition may further include cholesterol, choiesteryl hemisuccir>ate. cholesteryl 
sulfate, cholesteryl and other derivatives of cholesterol. The l ip o so me composition may be further formu- 
laled to inchjde minor amounts of fatty alcohols, fatty acids, and^ chole s terol esters or any other 

so pharmaceuticaUy acceptable e xcip ient s which eflM a surface charge, membrane fluidity and increase of 
incorporation ol the drug in the Mpoaomea* 



U p os o m e preparation 

as 

MLV. tUV. OLV. SUV. FTMLV tfid SPLV Iposomes were prapared. All of them were composed of 
phospholipids (PU. preferably EPC. OPPC. OSPC. DSPQ and PHEPC. and cholesterol 
(PUCHOI^l9iiol/moO with optionally added t*iOmol% of PEG. MLV were prepared by the thin layer 
hydration method described in Chem. Phys. lipids . 1:229-246 (1987); and in Mettiods Biochem. Anal. 

40 33:337-462 (1968). SPLV were prepared by the lipid hydration pertormed k% an organic'soivent such as 
diethyl ether, according to Blochemiatry . 242833-2942 (1966). 0.9 mM de sf»al wes mctuded in all aqueous 
eolutfons used tor iposome preparation to minimize the effect of Pe tons or doxorubicin degradation and 
Ipid peroadation a c co rdi n g to procedure described in U.S. Patem 4,797^ incorporated herein by 
reference. AN typea of Ipoaomes, Including P60-PL MLV. OLV. SUV. SPLV or FTMLV ere contemplated to 

4S be wHhin scope of this Invention. Uposomes were either termed by any auHable procedure in the presence 
of the ammonium eolution or were pertermed without ammonium and su beequen t ty submitted to ammonium 
eolutton or miSeu. Alternatively, the ammonium may be encapsulated m ttm Mpoeomes by uatng any suitable 
metftod of encapeulaaon. 

90 

CreationofNH^* (aradtont In Uposomes 



Liposomes cm be prepared in any way generally ueed for pre pa r a tion of iposomes. Qenerally. the Upid 
components chosen tor formation of Iposomes are combirted. if there are more than one. in an optimal ratio 
88 such as phosphatidylcholine snd cholesterol in ratio 2:1 and Resolved in an organic aolvent such as 
dichloromethane. carbon tetrachlori d e, ethylene chloride, methylchlorofonn. benxene. toluene, ethyl chlo- 
ride, iaopropyl chloride, chloro. bromo. or fluorobenaene. and aueh other, preferably chloroform and the 
aolvem is evaporated at room temperature until drynees. The pH oeeting system or compound, such as 
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ammonium sulfate, carbonate, bicarbonate, hydroxide and such other, is added to the residual thin Upid film 
in amounts to achieve appropriate inner pH in the liposomes, and the desferal or other chelator and other 
water soluble antioxidants such as soluble vitamin E, vitamin C, glutathione, uric acid are added fbr 
stabilization purposes. Aitemativety, commonly used Ipophilic antioxidants such as butylated hydrox* 
s yanisole. butylated hydroxytoluene (BH7). butylated hydroxyacetone (6HA)., alpha-tocopherol, alpha- 
locopherol succinate, and propyl Qallate. are i n corporat e d in the B p oe om e membrane during liposome 
formation and serving as a protectant against peroxidative damage. Liposomes, either as MtV. SUV. LUV. 
OLV. SPtV, FTMLV or others are formed by extrusion or any other appropriate method such as sonication. 
homogenliatton, etc. 

Inner pH of the Ammonium Sulfate Liposomes - 

The passage of the amnr>onium sulfate containing Bp o eo me e on a Sephadex Q-50 pre equilibrated witii 
IB a Afferent iso-^smotic salt solution such as fbr example 0.18 M NaQ, or KD solution, removes effectively 
all or part of outside ammonium sulfate and substitutes it with sodhim or potassium chlorfoe. This creates a 
gradient of ammonium sulfate between the inside and outside of the Iposomes. Since neutral ammonie 
(NH3) can pass freely through the liposome membrane, a pH gradient is created in ttiis way. with tfie 
internal aqueous phase more acidic ttian the external. The priricipfo is iHuetntad by Examples 1-4. 

n oroef V9 prove me exisience or me pn gracMm, iwo eisppemeni meiiKios lor iiieaiuieiiiei.ii or 
internal pH of tt)e liposomes were used. First pyranine (8 hy^oxy 1.3J pyraneMulphoiiate) was trapped 
inside the liposomes and its fluorescence Intensity was measured according to Example 4. Pyranine 
fluorescence intensity is pH dependent because the titietfon of ttte 8-hydroxy group of the molecule having 
pk«7.2 changes its extinction co e f fic ient appreciably. A caM bra ti on curve a ccordtotg lo Example 4. was 
28 constructed varying the pH inside the Bpoeome vesicles In the range of pH Sil • pH 7 J by keeping the 
external medium pH constant at pH 7 J. The left shHI of tfte cwve was due 10 a fraction of ttie pyranine dye 
electrostatically associated with the external surface of 8)e v es lcl ss. TMs ca ftr a tto n curve waa ueed to 
quantify the cfwnge in internal pH of the ammonium s u W a l s Bp oeomes. following ttte dilution into solutions 
containing descer>dir^ ratios of ammonium sulfate to potassium chtonde. DNforent raHoa of outside to inside 
90 corKentrstion of ammonium sulfate was formed by d H utten of outs ide ammonium sutfata with dHferent sett 
Changes of ttie fluorescen ce inisnstty of pyranine e> <ia ppe d within ammonium suMats B p o so mes as a 
function of ttte ratio of external to internal concentration of ammoniun sulfats are iflustrated in Rgure 1. The 
Figure 1 shows that when tfie ratio of outsideAnside concentration of ammonium sulfats is lowered, tfie 
ineide pH decreases. After peesage of pyranine loeded B poeome e on a Sephedex Q-80 column, pro- 
se equiKbrated with 0.15 M potassium chloride at pH 7 J, the pyranine fluore sce n ce indfostes an internal pH 
change of the Bp o so me s of at least 3 units. The arrows in the curve describe the Internal pH of ammonium 
suKste Bpoeomes derived from ttie iiiset to this figure, meet graph shows the ca toation cun^ that relates 
the fluoreecence of Bposmns enuapped pyranine and the Ipoeomal intsmal pK In order to further 
auDstanBas ra exisience or vie emmonium graowra. vie same vxpervnerK as uesuiueu soove wis 
40 repeated with the otiter compounds such as acrkSne orange* e cylOBOMC drug acrtdine orange ia an 
amphiphatfc we* base (pK» 8.28). which hove the advantage of being fluoreeoent 
pyranine ineide ttie ammoni^n sultate Bpoeomes. Bpoeomes wera added to a eoluOon containing acrtdine 
orange. The quenching of ttie resulting solution was monitored Ibflowing pa rtitioning into ttie aqueous phase 
of tfie Bpoeome. using tfie ss^wrimental designs deecribed In Exampfo 5 and iBuettated in Pigura 2. 
m ngura 2 shows ttie eftact of ttie gradfont of ammonium suNate b etween ttie ineide and ttie outside of 
ttie Bpoeomes on ttie quenching of acridfoie orange fluoree ce n ce . bieet graph is an ewnple of one of ttie 
ei^eriment a . P ercer<age of fluorescence intensity (FX) of ecrtdbie orange waa memtorad continuouely and 
is shown hera as (a). At ttie spedfled time (b) Bpoeomee wera added and ttie quenching was toBowed. At 
steady state. 5 um of nigertdn was added, shown hera as (c) and ttie extsnt of ttie ra ls as s of quenching 
so was used to calculats ttie emmonium sulfate gradfont dependent fl u oree ce n ce mianaity. The details of ttie 
experiment era descrtbed In Exampfo 5. 

hi Bpoeomes in wliich ttie external ammonium sulfate was removed, thera was 88.5% quenctung of 
acrtdine orangot which Indkaie the large addHlcation of the Internal equeo us compaiuiieiiu of ttie 

SB 

Loetfng of the L ip o so mes with Doxorubicin 
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Doxorubicin is an amphiphatic drug similar, in some of its phystcai prop^nios. to acridina oranga. tt is a 
weak amphiphatic basa having the amino group (pK>8^5). Therefore, the drug has properties similar to 
acridine orange altowing the pH gradient created between the inside and outside of the liposomes to cause 
doxorubicin's loading into the internal aqueoua con^Mrtment of the liposomes. For the purpoiM of loading 

5 the drug, the ammonium sulfate liposomes formed according to Examples 1*3. were passed on a Sephadex 
G-50 column pre-equilibrated with a 0.1 S M sodium chtoride solution, to generate pH gradient and added to 
the doxonibidn solution in saOne-desferal accordinQ to methods in Examples 1C-3C. The Wnetica of 
incorporation of the drug is described in Figure 3. Two preparstiona of Kposomea were uaed. one composed 
of EPC and cholesterol in molar ratio of 2:1: and second of DPPC and cholesterol in molar ratio 2:1. 

10 Figure 3 shows the Kinetics of the loading of doxorubicin into ammonium sulfate Uposomes. The loading 
was started after removal of external untrapped ammonium sulfate by Sephadex Q-50 gel exclusion 
chromatography. Doxorubicin was incubated for the indicated time with eittwr EPC/cholesterol (•.-.•.•) 
Iposomes at 25«C or DPPC/choiesterol fipoaomes (•-••) «t 50*C . At the end of incubation period, 
unincorporated doxorubicin was removed by adsorption on a Dowex SOW column and the concentration of 

IS the phMphoUpid and dnjg were detemiined and uaed to calculab the Ooio^ 

Free unentrapped doxonibicin (DXR) was removed from the Ipoeome-doxonibidn preparations using 
the cation exchange restn Dowex S-W)(-4 200-400 mesh. Vm resin was prepared in Its sodium form 
according to the procedure described in Biochem. Biophys. Acta . 816: 343*351 (1985) with some 
modifications. The Dowex was added to the Hpoaome-doxorubicin preparation arxj gently ahaken for 20 

20 mmutes at room temperature. During the tficubation period the poaitively charged free doxorubicin binds to 
. the Dowex resin while the entrapped doxorubicin remaina aasociated wHh the negatively chefQOd Hpoaomea. 
The Dowex was removed firom the Iposomai-doxorubicin by vacuum lUtratlon of the mixture through a 5.0 
um Naigene flltarware funnel (Nalge Company, Rochester. N.Y.). Dowex binda Deaferal end therefore the 
latter was added to final concentration of 0.5 mM immediatefy after the removal of the free drug by Dowex. 

» As can be seen from Figure 3. the process is biphaaic with a'quiefcer phase in the first hour and a 
slower phase thereafter, the latter continues for about 24 hours. The amount of drug Incorpor ate d into 
DPPC/cfioiesterol li p o so mes was double of the amount incorporaied into the tPOSchole sterol ipoeomea. 
Ammonium sultale liposomes without an inaideHXitaide pH gradient moorporatad the dnig only to the extent 
expected from tfw partition coefficient fbr the apecific Ipid ueed« and the intamai volume available. A final 

so ntto was dependent on lipid concentration. 



EHect ofthe Degree of Hydrophobidty onm eLoedfcig 



Other amphiphatic weak bases, such as for example acridUie deriv ati v es , partition much faster than 
doxorubicin into the intemai aoueous phase of the ipo s ome s in response lo a pH gradient The Bposomes 
loaded with daunorubidn. a doxorubictn analog which lades the fvydroxy group and is therefore more 
hy d rophobic than doxorubicin, under the experimental con di tion s proved that it is so. The rate of 
40 daunorubidn in corporation was higher than that of doxonibicin, probably due to ila ibout 10 timea higher 
hydrophobidty and the in c orporation went to c ompletion In leee than one hour. 



The Concentration of Doxorubicin Inaide the Upoaomes 



In order to det ermi ne the oonoentraflon of a toeded dnjg inaide Ipoeome s , the Intemai aqueous osmotic 
volume of ttie veaides was measured. TYiis was dorte by the entrapment of the ivxwneasurabie r adio act ive 
wwom *n ffwan* ine companaon or vie raoioacaviiy per mow pnoaprvxipKis ueiute ana anwr removal or me 

ao unmapped inuln was uaed to determine trapped volume using a procedum deacribed in individual 
examples. From the obtained data, the intemai volume of two preperattona i.e. EPC/cholesterol ar^ 
DPPC/chdesteroi ve si c l e s , was calculated and results summarized in Tsbis 1. The intamai trapped volume 
oi ra urrwcrwaawoi praparaeon was aanosi wnoe viai or vie c^y^cnoMwroi prepamon, i.e.. 2./ 
a^vnai 1.9 mymoia. iraa cuiiewes wvn wivi vie sue onierenoe Devween vie iwo popumona or sposomes 

as as shown in Table 1. Alao given In the aame table are the calculated equilbrium concentrations of 
doxorubi cin in these two preparationa. The intamai doxorubicin concentrations for the two preparations 
wtiich is almost identical, together with the dHlerence in ipoaome stae, ei^aini the dHference in the drug to 
lipid ratio referred to eariier. The identical concentration of doxorubicin in the bvo v e sicl e types auggest ttict 
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itm tysttm rtaehad its limits. 



AggryQrton of Doxorut><dn ingicte the Uposorims 

^ — — ■ 

of the proMms oflsn oncounimd with toaCHng of drugs into Uposomos is thtt thore Is s Hmit to 
such loading, i.0. only certain amounts of the dnig can bo loaded and that if that iimH is reached, the drug, 
would often form aggregates in the Hposomes. This can be best illustrated by doxorubicin. 

re It has been previously described in Blochemtstry. 2V.3g27-3932 (1982) that at concentrations higher 
than about 1 um. doxorubicin forms dimers and higher molecular w^iqftt aggregates. Since the concentre* 
tfon achieved in the ammonium sulfate liposomes far exceeds this Imit the physicai state of this drug 
inside the vesicles was studied. The eimpleet physical parameter that changes by aggregation is the 
absorbance spectrum of the drug. The ratio of abeorbanee at 470 nm to the eb so rb an ce at 550 nm can give 

rs a aami^uantftative parameter for the eggregation state of the dnig. Table 2 presents data on this ratio for 
Mgh concentrations of doxonjbldn in solution, and also on the same parameter f^ the doxonjbtdn loaded 
fiposomes. Measurements were earned out on a PerWn Qmer l.ambda 36 dual beam spectrophotometer. 
The ratio in Iposomes was obtained as a dHferent spectrum In which 'empty* Iposomes. i.e.. not 
containing doxor u bicin were prepared using the same Ipid compos i tio n and In identicai way served as a 

90 control. By uanig this procedure the l^it scattering of the Iposomes was corrected* In t)oth cases a 
aubstantfal aggregation of tfie drug cvi be inferred from gie data. Such aggregaiion however. Is in no way 
detrimental for tfie reieaae of doxorubicin from tfie i poso mes* 

Fluorescence stucSes of tfte entrapped doxorubicin were performed by studying tiM fluorescent intensity . 
of free doxonjbidn in solution as a function of its concenMlon in peraliel to the fluorescence intensity of 

» the Iposome entr a pped drug. The measurements were carvied on a Perldn>Bmer MPF^ spectrofhjoro- 
meter, using exdtatlon/emlasion w av e l e n gt h s of 470 nm and 500 nm reepectivefy. Doxorubicin was diMed 
In safine to the concentrations i n di c a t ed In Teble 3« The fhiorescertoe of the dnjg was found to tw quenched 
at concentration fiigher than about 10**M. This wes done by compartson of the fluorescerKe at every 
concentration wHh the fkjoreecence of the same solution but dlkitod to a concentration smaller than lO^M. 

30 Studying the seifoquenching in solution preeents the problem of the Inner IMer effect As can be seen in 
Table 3. doxorubicin fluore sc ence inside ttn Iposomes is amnosl 100% quenched. This was calcuiataid from 
the diff e rence between the fluorescence of the Ip o so m e s prepared acco rd b ig to Examples K and the 
fl u o resc ence of the same mixture after dPuting it 10 times with Isopropanoi containing 10% of 0.75 M HO. 
Such aolution sdubilaes the Iposomes completoiy and Itierefore causes more tfian 10* told dilution in 

9$ doxorubicin concenfration. A correction for toe difference In fluorescsjnce of doworubicin in water and tfie 
aodMed isopropanoi solution, deduced from meaauwnertts of toe fluorescence of *trse* drug in tfie two 
s d ut ionSi was introduced. The small amount of unquenched doxorubicin is probably due to eome free drug 
that toeked out of the veetotos. 



^Mtftt^^ df OoMoruMdn from Upoeomes 

Orto of the Important a spe cl i of Ifils invention is the ie air age of tfto ckug from tfte Iposomes. The 
Manage can oompiewiy negne* any Derwins acrweveo oy apoaome orug encapsmaDon, 11 n n lasi ano 

4S uncontrollable, or if It Is too slow. On the other hand, a great benefit and im p rovement in dnig delvery to 
the tiaeue can be achieved If the leakage can be time controlled as to provide Hme rsieus. 

Tlie eelf^uenchlng of the doxorubicto fluorescence give a dbect and easy method for tfto determination 
of dOHOfublcto teakaQe Irem the I posomee. Sy nMxiltorlng any enfiencement to the fluorescence Intensity. 
wwmjt m a fWtwcmtn 01 ooquensrang, one can morror to ewBCi amounc or leieaBeo orug ■ocorong id 

SO procedure of Exampto 6. It is to be under st ood that certato degree of tosfcage la SBto^etsd since the removal 
of any unincorporated doxorubicin creates a strong gradient of the drug. 

Table 4 and Figure 4 show dato on the leakage rato f^ the two types of Iposomes. Figure 4 
Muetrates leakage of doaorubidn Wn Ip o eo me s . The flgure com py e s leakage from Ipoeome s with either 
membrane aisu c i at ed or aqueo us phaae entrapped doxorubicto. The lafler were prepered by tfie ammo* 

IS nium suifato toeding method as deecribed to the eiamptos uaing O PPC/U Me sie roi (-.•.•.•> and 
EPOchotoetarol (• • • ) Ipoeomes. The membrane a s soci at ed type of Ipoeomes where composed of 
6PDCP(Vchotosterol to raito of (7/3^49noMnoMnoO oontotoing Mees of > H<hotostearyfltootoato . 
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Ammonium Gradtent in Liposomes • A COa Genafator 



to 



The current invention is also useful for genrntfon of gases, in partcutar C0| as hyperechogenic 
enhancers for uftrasound imaging. The procedure and results are de scrib ed in Example 9 and tn Figure 9. 

COt is hyperechogenic and therefore may act as enhancer for ultrasound Imaging. Until now it was 
difficult to get a formation of CO3 gas in target organ. Or^ way of utilizing this invention is to administer to 
a target tissue of a person to be diagrK)sed by uttrasourxj imaging the ammonium liposomes such as for 
example liposomes having ertcapsulated ammonium btcartoonate. In tfte Hposomes. the ammonium bicar- 
bonate will dissociate into the ammonium cation which will further diasociate into freehydrogen proton and 
neutral ammonia and bicarbonate anion which dissodaies into water and carbon dioxide.Carbon dioxide and 
neutral ammonia then permeate through the lipoeome ntembrarMi according to ammonium gradtent Thus, 
the ammonium liposomes may act as a carbon dioxide generator in tiasue as described in Figure 5. The 
process is shown in Scheme 2 



rs 
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The main advantage of this approach is that the liposomes can be targeted to definite tissues and if the 
process of CO3 release is in the right time frame then it may be a euitable image enhancer of organs and 

JO tissues which can be reached by Iposomes. In practice. acidHication of aqueous compartment of liposomes 
by the ammonia gradient produces COs gaa f^ the NH4HCO9 enftpped inside the Kpoeomes. The 
NHdHCOs is then used to acidify the iposomes and as a COx eouree. TMe aspect may be used f^ 
enhancement of ultrasound images as wen as for other systems which require a controlled and remote 
release process of gases or other compounds that require at wiU aci d ification in sttes unapproachable by 

30 conventior>al lach n iqu es . 

The following examples illustrate methods for making and ueing the novel procedure of this invention 
but are in no way inavtded to Amit the scope of the invention. 



UTIUTY 



The primary utt&ty of the sysiam of this invention ie the easy and efficient loetfng and release of the 
mphiphattc dnjgs into and Irom iposom es by creatbig the tyetom of two (pH and anwnonium) gradients in 

4e Mh a way that the iposomes are esq^osed to a low pH only for a very short time prtor to toeding. the only 
at their intomal surface and the loading and teleaae can be done at 37* C. The r«e of toeding and/or 
release is easily manipuiated by changing the gradtonta. The eystom la physiologically acceptable, non- 
toxic and suitable tor toadng amphiphatic drugs into ipoeome s even in ueeful for exanr^ for removal 
from the Wood circulation of overdoes of amphiphatic compound or for creating in Mi the concentration of 

so CO3 tor diagnostic imaging. The short exposure of the ipoeomes to a tow pH iTreasonabiy well tolerated 
and thus the stabiBty of the Ipid vesictos ie greedy improved againet the ettbiflty of Iposomes being 
exposed to tow acidic pH tor a tong time which may lead to phoepho ip id degradaiton. This is particularly 
important because the efRdent dnjg toeding by the pH gradtont csn be echieved with properly engineered 
Hpid c om p o si tion together witii desired rato of retoaae of the amphiphafic dnig from the liposomes. 

M Ammonium sulfato iposomes were found to be non-toxic when admaniatered to mice and did not provoice 
eny toxic eymptome or ceueed death. 



11 



EP0 361 8MA2 



UpMa: Egg phosphatidylchoKne (EPC) wts purchased from Avtnti Polar Lipids (Birmingham. Al); EPC 
95% was purchasad from Asahi,(Japan): Choiastarol was obtained from Sigma (St touia. MO.): doxerubtctn 
s was ootainad from Carlo Erfoa (Milan. Italy). 

pH indicators : Pynnin^ (8-hydroxypyrano*l . 3, S-trisulfonata) waa purchasad from Molocutar Probes 
(Eugene. Oregon): acridtne orange was purchased from Aldrich. 

Nigericin was purchased from Calbiochem (Mountain View. OA), Daunorubidn was obtained from 
Sigma, alpha-tocopherol succinate and D.L aipha-tocopheroi. Sephadex (9-5O. Sepharose 6B (Pharmacia) 
fo and Dowex SO WX-4 200-400 mesh (Dow Chemical) were obtained from Sigma (St Louia. MO. USA). 
Desferoxamine mesylate (Deeferal) waa obtained from Ciba <Mgy (Basel. Switzerland) and polycarbonate 
filters were Obtained from Nudeopore (Pleasanlon. CA). 



TS Example 1 



Preparation of EPCOwiesterol Liposomes with NH» ♦ Gratfent 



This example illustrates the preparation of EPC/cholesterol Rposomes with outside to inside ammonium 
sulfate gradient lesaer than 1.0 and the loading of the drug into these liposomes. . 



2S 

A. Preparation of Uposon^ 

100 mg of EPC tfaaofved in S ml of chlorofonn were poured into a round bottom flask and 2S mg of 
ch olesterol was added. The chlofoform was evaporated using a flash evaporator under reduced pressure 

so until dryness. To the tNn Ipid film on the surface of the flask wu added 5 ml of a sokitlon of O.11 M 
ammoryum sulfate containing 0,5mM desferal dteaolved In water and the Ipids weie dispersed in the 
solution by vigorous ahaWng lor approsdmately hair hour. The mufdamellar ve sic la i (MLV) obtained above 
were extruded 3 timea through a 0.4 um Nudeopore polycarbonate filler and 9 Hmee through a 0.2 um 
polycarbonate filter using the stainless steel exfrusion cefi under the pressure ol 150 pei created by argon 

ss gas in MlUipore filtration unit The whole procett was carried out at room temperature. The desferai was 
added to protect the fipids and doxorubicin against degradatlve proce sses according to the procedure 
described in U.S. Patent Application Ser. No. 806,064. filed on December 6. 1685. in coi p or ate d hereby 
reference* 

The MLV produced were either uaed directly and leiened to aa MLV or were Mther prooeeaed. either 
40 by freeaing and mawing (PTMtV) to give PTMLV. or by eadruaion to give extruded ofigolamellar vealdea 

(OLV). 

FTMLV were prepared from the above MLV by 10 repetitive freezing thawing cycles between liquid air 
at 25*C, eccordfrig to Biochim. Blophys. Acta. 817:193 (1685). 

Exfruded OtV were prepared from thelMLV by their exfrueion 3 flmes through 0.4 um teneter 25 mm 

40 poty ca rbonasa filter, t ofiowed by three exfrusions through 0^ um 25 mm dtameier polyc a rbo n ate filters 
ueing argon pressure of 18O P8L A modMed MWpore ufi iafiBi ali en unit was used lor the exfrusion. The 
whole OKfruelon atep took laea than 30 mm. . 10 sec of utaaonie frradtafion In bam eonicatbr (Tranaonic 
4aOlH 35 KHi frequency, 285 watts, Ehna Bergwiee. Ausfria) fBcfiNated the extruston without aflMIng the 
quafity and propertes of the extruded OLV. 

so Stable pkjrllameBar vealdes (SPLV) are related to tfie reverse phase evaporatton vesicles described in 
Pfoc. Natl, Aced. 8d (USA). 75:4164-4168 (1678). They were prepared by removal of dMiyi ether from 
ether / w a ter emmaion in which tfw ipida were present in very Mgh concenfritton, as described in 
Bt oche mla try . 24: 2833-2B42 (1885). uafrig 110 mM vnmonkim auHMe aoMton containing OS mM desferal. 
wasrwig sieps mr ■u vevcwa weve penormeo wi vie aoove wnniwum iww wwn. 

80 Liposomes size dstributlon was determined by qusilelsolic Ight scattsring (QELS) uaing the Malvern 
4700 automeasure system accortfng to Methods in Biochem. Anal.. 33:337-482 (1668) 

Effect of liposome type on ammonium gra^ent dependent loedmg of doxonibicin. Table 5 shows a 
Gompaheon of doxorubicin loading into three types of muttttamellar (AvantO EPC^cholesterol ipoeomes as a 
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result of ammonium ion gradient In all cases tfie gradient was obtained by gel exclusion chromatography of 
the Kposomes after ammonium sulfate loading. The incorporated doxorubicin was removed by Dowex after 
24 hours incubation at room temperature, and the mole ratio of doxorubicin to phosphoiiptds <DXR/PL) was 
determined. Table 5 demonstrates that loading efficiency is in the order SPLV > PTMLV > MLV. This. order 

9 is related to the trapped volume of these three MLV types. It Is of interest that the MLV are leakier than the 
SPLV or the FTMLV. suggesting better annealing of the latter two types of MLV. 

Stability of liposomes loaded with doxorubicin was determined by characterisation of the physical and 
chemical stabiNty of egg PC/cholesterol liposomes loaded wHh doxorubicin by the ammonium sulfate 
gradient method. The leaicage of DXR is tsmperature dependent with rather high energy of activation. The 

10 first stage of the physical stability studies was to follow the change In OXR/phosphoiipid mole ratio of the 
MLV prepared by 3 different methods described in Table 5. 

From dau it is dear that leakage at 4^ is d epende n t on method of Qposonte preparation. Physical 
stability based on the leakage rate is in the order FTMLV > SPLV > MLV. Assuming first order kinetics of 
leakage, the Kposomes composed of fiM lipids (Tm < 37^) are most suitable to be used for the remote 
IS loading. The above data indicate that the major problems with the stability of these liposomes stabitity is not 
the chemical stability of DXR and phospholipids, but ttie leakage of DXR. The latter problem can be 
reduced if phospholipids with high temperabrs phase transition are used. . . 



so B. Crestion of a pH gradient 

The above obtained Upoeonrtes were applied to a Sephadex G-SO column pre a qu librated with a 0.18 M 
sodium chloride solution oomainang OJ mM desferai and eluM wHh the aame sokition. To reduce loss of 
the large vesicles (MLV. SPLV and FTMLV) the veaide dtaperaiona were aonicated for 10 aec in bath 
ss sonicatDr. The void voktfne containing the fiposomes was c oll ec t ed and uaed in Step C. 

Altemativeiy, the vesides were dikited with the above NaO aokition to give the desired ammonium- 
sulfate gradient tMtween the liposomes and the external medium, for example, by dHutlon of. the tiposonr)es 
1M0 times in 0.15 M sodium chloride sokjtion a 1 to 1.000 outside to inaide ammonium sulfate gradient 
was obtained. 

so In anotfter set of experiments, the sodium chloride was substftuted with ttie potatsium chloride. 



C. Loading of liposomes with doxorubidn. 

SB 1 ml of a 10 mg/mi aoHilion of doxorubidn HCt dteeolved In saline deiftral was added to 1 ml of the 
Iposonw d is pe rs ion after the Iposomes were gel filtered on a Sep ha d e x Q-SO odumn in Step B. The 
mbdurs was incubated at room temperature for approximately 24 hours. The incubation was shorter for 
certain types of kinetic experiments. At the erx) of incubation period, the mixture was passed tlvough a 
Oowex 90 WX-4 (Serve) odumn to adsorb the free, tfiincorporated drug. As small amount of 60 mg of the 
' 40 reain waa able to edeorb as much as 1 mg of free doxor u bicin in a time ahorter than less than 15 minutes. 
L ip os o m e incorporated doxorubidn dM rxjt adsorb to the Oowex reein at aM and remeined toi the liposomes. 
A column corMainIng 1*2 g dnf weight of the reetft was sufHcient to adaorb aR unincorporated drug. To 
detennin e the raflo of incorpor at ed drug to Iposomal Bpid. the phoephoSpid and doxorubidn concentration 
were determined. PC concentration was determined according to Anal Biochem. . 104: 10-14 (1980) 

m modfled sothat20uloflOMHO were added to the aaaay mixture, in order to avoid partitioning of 
doxorutxdn into the organic pfiaae of the aasay. EPC was used for s standard curve. 

Doxorubicin concentration was measured aflsr dteaolving Iposomes in isopropyl alcofid containing 10% 
of 0.79 M HO aqueous sdutlon. The ab eo rb an ce of tfie eokiUon was d e temii n ed In a Parkin Smer Lambda 
36 UV/VIS dual beam spectrophotometer, using a wa v e le n gth of 480 nm. end aii extinction coefRdent for 

so doxonibidn In the adtffied leopropyi alcohd of 12600 M>\ CM-^ HPtC of M adubilaed Ipoaomes was 
used to assess the integrity d the doxorubicin eeeordng to me mettwd deeeribed in J. Patent Sd. 
Technd.. 36: 220-224 (1689). 



ss gxampie2 
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Praparation' of DPPC/Chotasterol Liposomes with NH4 Gndifrt 

This sxample illustraiss the preparstion of dipalmitoyi phosph aUd yl ch ol in t/tholts t SfO l Hposomss with 
ammonium auifata gradiant outsida to insida tassar than IX) and tha loadtaig of tha drug into thasas 
Kposomos. 

A. Praparation of Uposomaa 

100 mg of OPPC disaolvad m 5 ml of ch lof ote m i wars pourad into a round bottom flask and 25 mg of 
cholastarol was addad. Tha chloroform was ovaporatad using a flash ovaporalor undar raducad prosaura 
until dryniMS. To tha thin Hpid film on tha surfaca of tha flask was addad 5 ml of a. solution of O.II M 
ammonium sulfata containing O.S mM dasfaral tfssolvad in watar and tha Spida wara dlsparsad in tha 
aokJtion by vigorous shaking for approximataly half hour. Tha MLV obtainad abova wora axtrudad 3 times 
through a 0.4 um polycarbonata filter and 3 times through a 0^ um polycvbonate Wtar using tha pressure 
of 150 psi. created by argon gas in a MilHpore filMlon uniL The whole process was carried out at SO* well 
above the tranaition temperature of phospholipid. 



8. Creatloh of a pH gradient 



The above obtained fiposomes were spplied 10 s Sephadex O-50 column, pre eq u iBbrated with a 0.15 M 
sodium chloride aolution containing OJ mM desfM and ekited with the same sokitton. The void volume 
28 containing the liposomes was coUeeted and uaed m Slap C. 

Altemat^eiy. the veaidas were «kjted with tfie above NaO eokiHon 10 give the desired ammonium- 
sulfata gradient between the Ipoaomes and the exismal medkim. For example, by dlkHion o« ttw Ipoaomes 
1.000 times in 0.15 M sodhim chloride sohition a 1 lo 1M0 outaide to maida ammonium auNate gradient 



m another aet of experiments, the sodkim cMoride was subslltuiad wHh the ai8 M of potaaahim 



C. t,oadlng of liposomes with doxorubicin . 

1 ml of a 10 mgmil sokjtlon of doxorubicin HQ dtesolved \n safine-desferal was added to 1 ml of the 
iposome dispersion sftor the Iposomes were gel litered on a Sephadex 0-50 cokimn. The mixture was 
incubated at room temperature for approxirnalaly 24 hours. At the end Q« kicubelion p 
pessed through a Oowex SO WX-4 (Senra) eokm to adaorb the tree unin co rpor at ad dnig. Aa smalt amount 
as 50 mg of the resin is abfo to adaorb as rnuch aa 1 ing of tree dOKorubicki In a ime shorts 
15 minutes while Ipoaome ki u npoi a te d doxorubicin does not adaorb to the dowex leem at al and remains 
with the Ipoeomea. A cokimn conlainkig 1-2 g dry weight of the reain was sufSeiant to adsorb all 
unin co rpor a ted drug. To detarmkie the ratto of mcorporatsd drug to Ipoeomal Ipid. the phoaphoiipid and 
doxorubicto cunce i iuaU o n were detarmined aa deacrfoed fn Sample 1. 



f»repwtlon of gPOChofoaierolUpoeomeawlth a WH>*Oradfont 



This example iUustrates the praparatfon of 95% CPOeholeatarol Ipoaomes with ammonkim suNata 
S6 gradiem outside to inside lesser than 1.0 and the bading the drug kilo theses Iposo^ 

^ Preparation of L ip osomes 



14 



EP 0 361 894 A2 



100 mg of egg phosphatidylchofine 95% (Asahi) dissolved in 5 ml of cfilorotorm were poured into a 
round bottom flask and 25 mg of choitsterol was added. The chloroform was avaporaied using a flash 
evaporator under reducod pressure until dryness. To the thin Opid film on the surface of the flask was 
added S mi of a solution of 0.11 M ammonium sulfate containing 0.5 mM desferal obtained from Oba-Getgy 
9 dissolved in water and the lipids were dispersed in the solution by vigorous shaking for approximately half 
hour. The SPLV obtained above were extnided 3 times through a 0.4 um polycarbonate filter and 3 times 
through a 0.2 um polycarbonate filter using the stainless steel extrusion cell under the pressure of ISO psi. 
created by argon gas in a Millipore filtration unit The whole process was carried out at room temperature. 
The desferal was added. 



The above obtained SPLV were applied to a Sephadex G*50 column pre-equiUt>rated with a O.iS M 
IS sodium chloride solution containing 0.5 mM desferal and eluted with the aame aolution. The void volume 
containing the fiposomes was collected and used in Step C. 

Alternatively, the vesicles were diluted with the above Naa solutfon to give the desired ammonium- 
sulfate gradient between the liposomes and ttte external medium. By dihition of the Ipoaomes 1.000 times 
in 0.15 M sodium chloride solution a 1 to 1.000 outside to inside ammonium sulfate gradient was obtained. 
20 In another set of experiments* the sodium chloride was sut)stituted with the potassium chloride. 



C. Loading of liposomes with doxorubtdn. 



» 1 mi of a 10 mg/ml solution of doxorubicin HCI diasofved in aaline-idesfafal was added to i ml of the 
liposome dispersion after the liposomes were gel filtered on a Sephadex Q-50 column. The mixture was 
incubated at room temperature for approximately 24 hours. The incubation was shorter for certain types of 
kinetic experiments. At the ertd of incubation period, the mixture was paased through a Oowex 50 WX«4 
column to adsorb ttw free drug. The resin is able to adsorb as much as 1 mg of free doxorubicin in a 15 

so min time wtuie the seQuestered Bposome incorporated 'fememe wHh ttie Ipoaomes* A oofcvnn containing i*2 
g dry weight of the resin was sufficient to adaorb an unirKorporatad drug. To determine the ratio of 
incorporated drug to liposomal lipid, the ph osp hoapid and doxorubicin concentration were determ in ed as 
described previously. 



This example ittuetrates ttie loadkig of fluoreaoent compound pyranine into anwnonium sulfate contain- 
ing ipoaome s snd determination of Inner pH of theae Ipoeomea by meaaurement of pyranine fluorescence. 

m Liposomes were prepared as In Example 2 above, with ttie e w ceptio n that 0 J ul4 of pyranine. (8* 
hydroxy 14J pyrenetrisutphonatt). was inckjded in the hydration solution which alao conta in ed 4-<2- 
hydroxyethy1V1«pipera2lnett\anesulfdnic add (HEPCS) buffer, with 10 mM flnal c oi Ke i itiati on and pH 7.5. 
Removal of 9ie untrapped pyranine was achieved by gel ftflration on a Sephadex 0*50 column, pre- 
equifibrated wim 0.11 M ammonium auMtite solution eonialnlng OJ mM deaieral and the HEPES buffer. For 

so eeitttying. the Ip o ao me s were paaaed on a Sephadex column p ie e q ui lb i at ad wflh a potaasium chloride 
solution buffered wHh HEPES or dUutad In mbetures of ammonium-sultale and the above aoluflon in different 
proportio n s, to achieve the desired outside/Inside ratio of ammonium aulfate. The Intamel pH of the vesicles 
was detemiined by msiasuring the relative fluorescence emission of ttie pyranine. A caflbration cun« was 
constructed by preparing ipoaomes in solutions of soc^um cfiloride ed^isted to different pH by titraitkyi of a 

S0 20 mM 4> m orphoinoettwiesulfonic acid (MES) buffer of pH 5 and 8. and ttie 10 mM HEPES buffer solution. 
Passage on a Sephadex cokimn 6*80. as mentio n ed above, provided a aeries of I p oa o me s preparations 
witti a fixed extemai pH of 7.5 but a different internal pH. in all cases ttia coRapee of the pH gradient and 
the equiibration of inside-outside pH was achieved by addWon of Mgericin to a flnal ooneentration of 5uM. 



ro 



B. Creation of a pH gradient 




example # 



Loading of Pyranine Into Ammonium Sulfate Contttfn^j UposomM 
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Pyranine fluorescence was measured on a Perldn-Elmer LS*s spectrofluorometer, using exotation/emission 
wavetengths of 46(V520 nn\. The calibration curve is shown in Figure 1. 



8 ExaihpieS 



Acridlne Orange incorporation into Liposomes 

ro 

This • example iltustrates the Joading of ecritf ne rorange intD Kposomes. Acridine orange* is a weak 
amphiphatic base of pK-9^ of which main advantage-is that it haaJhioreseence properties. 

t umol of acridine orange was added to a solution containing different proportions of potassium chloride 

IS and ammonium sulfate. The solution was designed to get dWerent o u tside- ins ide gradients of ammonium 
aullate when the Iposomes are added. A smaO aliquot of the ip o s omes suspensions, calculated to dilute 
the Bposomes 200 times and prepared as in Example 2K was mixed with the acridine orange solution in a 
cuvette, «id the quenching of fluore sc ence was contlnuoualy monilored using a Perldn-Elmer LS-9 
spectrofluorometer wHh excitation at 490 nm and emission at S2S nm u an mdicaiion tor the amount of 

20 acridine orange that was incorpor ate d into the vesicles. Alter equilibration, nigeridn was added to achieve a 
final concentr a tion of S um. The recovery of fluorescence was monitored. The ratio between the fluores* 
cence before and after addition of nigeridn wu used to calculato the quenching of acridine orange 
fluore sc ence according to the fpmiula: 



100 - X 100 

SD wherem Fq to ttie fluorescence obtained after quencMng reached plaleau: and Fh is the ftoorescence 
imensity recovered after addWon of Mgeridn. The quenching can serve as a qualtattve indtoator of the pH 
gradienL The lesulls ve summarlaed in Rgure 2* ' ' 



gxamplea 



Kinetics d leateage of Doxorubicin from Upoeomes 
^ . *^ 

Upoeomes containing doxorubicin were prepared exactly as in examples 1A or 2A, respectK^ly.' A 
1M0 times dflulton of the Iposomes in saBne was pertormed and the fluonwcence of the mixture wes 
monitofed eonllnuously m a Pertdn Bmer MPF^ apecnfluoromelar. tftder condMons of controlled 
48 tornperature of 22% and 48^. A continuous. Inear rise of the fluoreeoenee wes no«^ 

eech experiment the Iposomes were dflutod 10 tknee m iaopropyl atoohol eonttining 10% of 0.7S M HO 
aqueous aoiutton. The fluorescence of this soiutton. in which the Ipoeomes were c om pleto l y dtaoh^ arKi 
the doxorubicin was dUutod to an extom that no quenching occurfed. was a meestfe tor the totol emo^ 
^ inside the Ipoeomee. The mount that iealced. expreeaed In per c entage of the amount of drug 
so lemaining inside the Ipoeomes. wes calculatod from the r«to between the Inoeeee of 
I aftor leaicaoe and the totti amount of doxoruisicin. Aeeulto are given in Table 4. 



Toxidty of Ammonium Suifato Loeded Upbeomea 
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UposomM w»re prepared as deachbed in Example 3A using fresh 95% EPC/ctiolesterol in 2:1 molar 
ratio. pH gradient was formed by removal of extemai ammonium autfate by gel axctusion chromatography 
s tt described Examples lA, 2A, 3A. Half of the Upoaomos waa uaod for loading of doxorubicin uaing this 
method. Other half waa Injected into tail veina of 6 BALB-C mice at the levol of 380 mg PC per kg. The 
mice were Ibiiowed fbr 6 months. None of the mice diod and all of them behaved normally. At this level the 
ammonium sulfate liposomes were non-ioxic. 

to 

Example 8 



to tupadtrij^ of Oaunorubidn into Upoaomee 



Ammonium sulfate liposomes were prepared exactfy as in Example 2A above. After separation of 
untrapped ammonium sulfite by Sophadex 6-80. 1 ml of tht liposome d is persio n was mixod with 10 mg of 
20 daunorubicin dissdvod in 1 ml of 90^ and at speciflod time intervals aiQuots were taken. Free 
daunorubibn was removod by the same Oowex mothod doschbed for doxorubidn tn Examples lA, 2A. 3A. 
and the daunorubicin cor>centration was measured as ahown for dox oru bic in . It waa found that the loading 
was finished in i hour, and the final molar ratio of daunorubicin to phoaphofipid achi«v«d was 1:6. 



Example 8 



so Ammonium Gradient Useful for mtrasound Imaging 



Oeuacon 128 Computerized Sonography System (Ocuseon. CA. U.SJL) was used throughout all this 
study. To improve tho monitoring, the uftrasound probt was coated with Largo Scan>l1 ultra fine scanning 
» gel of cosmetic quality, water soluble and salt free (Biometrix. Jeruaaiem, IsraeO. 

Demonstration that CO2 gas produced by acidification of metfum containing ammonium bicarbonate 
(NH4HCO3) was mada by an ultraaound probe. For thta. ammonium carbonate (0.12 M) waa placed in a 
baaker. The ultrasound proba was attached to the baaker. No aignai was obsarvad. Whan HO was added to 
lower the pH to pH 4.0. large signal appeared on tha scope proving mat lha COi gu produced by 

40 ackgflcation of NM»COi is i n dee d hyperachogenic 

For demonantlon that the ammonium gradtant in a poeoma s can be used to generate CO3 gas which 
can ba m o nftorad by an uilrasound proba. SPtV ware prepared as dascribad in Ei^mple 1 using 60 mg 
EPC and 20 mg chola s terol. The Ipids ware dtosofvad m dMiyI elher. 0 J ml of 0.12 mol NH«HCO) waa 
aooea. m ooiar svpa were loeriDcai w vioae aeacnoeo aoove. Aner aner evaporation unoar continuous 

41 irradiation, the pasta waa dtoparaad in 1 ml 0.12 M NH4HCO3. Control SPLV were prepMd using klentical 
condWona except NH^HCOs wu raplaced by NaO (0.18 M) so no ammonium gratfant couid be formed. 1 
ml of the Ipoaome dispersion was placed in a dtelyaia bag. The Ocuacan proba was attached to the dialysis 
bag and both togaCher ware introduced into a baaker containing aiViar NHcHCOi fflA2 M) or NaO (0.18 M). 
Four difiarant combinattorv daicribad in Tabia 8 wara taatad. 

so The fMng that only Iposomas containing NftUHCOj when dtalytad against IteQ m the baaker give a 
signal shows that the signal is dapandant on the NHa* gradlant The signal continued fbr an extended 
period of aaveral hours. Thia may ba a rasuit of either tha flow formulation or slow lalaass of the generated 
COz. 

Feaaibiity of lha anhancamant of ullraaound imaging was damo nsaaiad in mica. 8ALB/C mice 27 g 
ss were anesthetiaed by pamobarbital. Than 0.8 ml of 8PLV oontMng NHtHOC) was aMniatared intra* 
vanoualy into the tail vain. The viacera of the mice waa m o ni tored by the ultraaound proba and sonogram 
deveiopad. The black spots obsao^ on the sonograms wara indicadona of ma h ypare ch ogenicity of tha 
ammonium gradient Iposomas. 



17 



EP 0 361 894 A2 



TABLE 1 



Liposome Characteriztfion 


Liposomt 

Compositon 


Oiameter 


Tripped 
Volume 


Lipid/Oox ■ 


Oox.* Concent 
inside liposomes 


(mol«/mo(e) 


(nm) 


(ml/mole) 


(moie/mole) 


(mM) 


DPPC/Chol 


323.1 SI S3.9 


Z.7 


3.1 


119 


Ego.PC/Chol 
(2/1) 




1J 


3^ 


115 



* t standard devistion 

* Ratio of phosphofipid to doxonibidn after loading to equifibrium (mole^mole) and 
removal of free dnig by Oowex. 

uaicuiaiea concenuaiion or ooxorupiari msioe me vesMTiea. 



TABLE 2 



The Change in the O0««o/00ito Ratio aa Fimction ol Ooicorubiein 
Conoenttatton 




Conoenuatfon 
(M) 


00«70/ 

OOiio* 


Doxorubicin solution 


aeio-* 
a.eio-« 
eji(r» 


5.15 
3.44 
2.85 


Doxorubicin m OPPOCM fiposomes* 


1.19 X 10*' 


1KI 



* ■ The ratio of a baorb a nce at 470 nm to a b eo rb an oe at 560 nm. 



* • Calculated as described m Table l. 



TABLE3 



Self«Quenching of Doxorut)icin Ruoreecence' 






Ckienching 






(%) 


InaoMion- 


3.4.10-* 


16 




6J.10-« 


29 




1.7.10-* 


33 


InOPPOCHOLOLV 


1.19 MlO-* 


97a3 


meggPOCHOLOLV 


1.l8«lO-« 


•454 



- Fluorescenoe emiaaion wea ooriecM lor the inner fitter ellsct The 8DV in 
% Ouenching of dOBconibicin in Ipoeornes may be fMed to ita siow 
null I via apceomes w vie exiernai meoium. 
OLV • are the ottoolamaUar Mnoeofnei, 
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TABlf 4 

T«iip«ratttrt Lti^Ugt ratt** Cncrgy of ActWa> 

tJon* 



OPPC/CHOL 


24 


0.034 


12.3 




49 


0.20 




C99 K/aUL 


22 


0.13 


9.8 


49 


0.S3 





* Energy of activation of tho Itakage process Is calculated froa the 
two teaperature points assuming equal doxorubicin concentration in 
the t%#o preparations as seen in Table 1, thus using the rate directly 
in the Arrhenius equation. 

Leakage rate represent X of total trapped doxorubicin tines 
ainutes . 

Energy of activation is expressed in KcaKaole*'. 

•2.303 R (log rate^ • log rate.) 



l/T, • 1/T 



TABLES 



MLVtypo 




% leakage at 






4oCin100hr« 




mowrmoie 




MLV 




2U 


FTMLV 


0.42 t 0.08 


15J 


SPIV 


0J1 t0.11 


18.7 



lipOSOM 

Cooposi- 
tion 



TABLE € 

BMk«r\LlpesoM HaCX 
eont«nt\cont«nt 

KaCl Ha signal 

(1IH4)BC03 HS signal 



NB^HOOj 

Strong signal for 
aora than 30 Binutas 
Ha signal 
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1 . A system for loading an amphiphatic molacula into iposomas comprising a Idrmatton of liposome 
suspension in the presence of ammonium compound or ammonium salt vvherein said suspension is diluted 

s with buffer or salt to provide an inside to outside ammonium gradient between intemaJ aqueous and external 
aqueous phases and a pH gradient wherein the inside pH of the liposomes is more acidic than the outside 
pH. 

2. The system of Claim 1 wherein the ammonium compound is amimonium auNaia. ammonium 
hydroxide, ammonium bicarbonate or ammonium carbonate. 

tp 3. The system of Claim 2 wherein the amphiphatic molecule is doxorubicin. daunorubicin« 

chloroquinone. propranolol, pentamidine, epirubictn. carcsnomydn, N-acetyladriamyctn. rubidazote. Snm* 

Idodaimomydn. N-acetyldauno-mydne; all anthracyiine drugs, daunoryOner propranolol, pentamidine. 
. dibucaine, tetracaine, procaine, chlorpromazine. vinblastine. vincristine;mitomycin C, pilocarpine; physostig- 

mine, neostigmine, chloroquine. amodiaquine. chloroguanide, prwnaquine, m^loqutne, quinine, pridinol. 
rs prodipine, benstropine. mesylate, trihexyphenidyl hyd r ochloride, propranolol, timolol, pindolol, quinacrine. 

benadryl. promethazine, dopamine, serotonin, epinephrine, codeine, meperidine, methadone, morphine. 

atropine, decyciomine. methixene. propanthettne. imipramine. amitriptyfine. doxepin, desipramine. quinidine. 

pfo p r anol ol. Sdocatne. chlorpromazine. promethazine, perphenazine, acridine orange, prostaglandin. 

fluorescein and carboxyfluorescein. 
30 4. The system of Claim 3 wherein the ampNphatic moiecuie is loaded into the IposoTTM 

for me ammonium etfluxing the ttposomes due to Its co n ce n bat ion and the extent of the drug loading is 

dependent on the ratio of outside to inaide ammonium sulfate and on pH in the internal aqueous phase. 
S. A method Ibr efficient loeding of ampMphatie moleeuies into Ipoeomes comprising: 
(a) fbnnation of Itposornai suspension in the presence of anrmtonium suifM 
29 (b) creating inside to outside arhmonium gradient and outside to inside pH gradient by diluting the 

external aqueoua phase of suspeneion of eisp (a) with a euitabie salt or buffer or by removing ammonia; 

and 

c) loeding the deprotonaied amphiphatic drug from the outside to the inaide of the Ipoeomes. 
a. The method of Oaim S wherein the amphiphatic dnig is loaded into Ipoeomes by infta in exchange 
90 for the ammonium efflux according 10 ammonium gradM. 

7. A suspension of Iposomes and ammonium aalt suitable for ioedhg of amphiphatic drug into 
Ipoeomes by provitfng an ammonium gradient from an internal aqueous phaee to exiamal aqueous phase 
of the Iposomes by diluting or removing emmonium from the external aqueous phase, wherein said Inside 
to outside ammonium gradient creates an outside to inside pH gradient allowing an amphiphatic drug to be 

ss loaded into Ipoeornes* 

8. Ammonium Iposomes lor loading of amphiphatic dnig having an Inaide to outside ammonium 
gradiem created by dttution or removal of amnionium in the Ipoeomae suspeneion by eaK 

8. A suspension of Ipoeomes and ammonium sett suitabie for raleaee of en amphiphatic drug from 
Ipoeomes by creating a reverse pH from en mtemal aqueous phase to extomal aqueous phase of the 

^ "'^^^^lO^^ Ipoeomes suitobie for generating carbon dtexide and rale atin g aaid carbon dioxide to 
the tissue to enhance hyperechogenidly d uttrasound Imaging. 
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